INTRODUCTION {#sec1}
============

Laboratory-developed[](#afn1){ref-type="fn"} tests (LDTs), defined by the Food and Drug Administration (FDA) as '*in vitro* diagnostic tests that are designed, manufactured, and used in a single laboratory',^[1](#fn1){ref-type="fn"}^ have become dramatically more sophisticated and accurate in recent years. Some provide genetic information about increased medical risks, diseases an individual might have, and diseases that people could unknowingly pass onto their children. The tests are currently overseen by a federal agency, the Centers for Medicare and Medicaid Services (CMS).^[2](#fn2){ref-type="fn"}^ But policymakers and professional groups disagree about how to regulate labs performing these advanced, highly specific tests that have implications for clinical care. In particular, federal agencies point to marketing abuses and inconsistency among LDTs to justify greater control over their specificity and clinical validity.^[3](#fn3){ref-type="fn"}^

'Next-Generation Sequencing' (NGS), or advanced genetic testing technology, is one type of LDT that FDA has singled out for oversight. NGS has revolutionized genetics, allowing an increase in speed and the number of genetic sequences processed, at minimal cost.^[4](#fn4){ref-type="fn"}^ In July of 2016, FDA issued draft guidance for regulatory oversight of NGS devices used to diagnose genetic variants, as well as draft guidance on public databases used to determine the meaning of genetic variants.^[5](#fn5){ref-type="fn"},[6](#fn6){ref-type="fn"}^ More recently, the agency announced that it was tabling these guidances indefinitely, due to comments from the laboratory community and indications following the recent election that the legislative and executive branches would oppose further regulation in the area.^[7](#fn7){ref-type="fn"}^ Some delay and re-working may be warranted, as the draft guidances fail to protect incentives for economic investment or anticipate problems with FDA regulation of the continuously evolving nature of genetic linkage analysis.^[8](#fn8){ref-type="fn"},[9](#fn9){ref-type="fn"}^ But safety concerns with LDTs remain, and there is need for further oversight of NGS LDTs in particular.

This note recommends that in the place of the FDA draft guidance, the American College of Medical Genetics and Genomics (ACMG) should design standards for the specificity of NGS technologies and clinical validity of LDT genetic tests. The ACMG has more specialized expertise and is better suited than FDA to work with the evolving nature of genetic testing and better able to evolve its evaluations without the inflexible requirements in the draft guidance. In contrast, FDA lacks the structure or capability to evaluate changing variant significance. The ACMG should also steer away from inflexible disclosure requirements that would harm the economic and operational environment for progressing NGS technologies.

LEGAL AUTHORITY OVER LDTs {#sec2}
=========================

Before 2012, it was understood that the CMS would evaluate the clinical validity of LDTs.^[10](#fn10){ref-type="fn"}^ As stated by the Clinical Laboratory Improvement Amendments (CLIA), CMS is charged with 'maintain\[ing\] a quality assurance and quality-control program adequate and appropriate for the validity and reliability of the laboratory examinations and to meet requirements relating to the proper collection, transportation, and storage of specimens and reporting of results'---in essence, CMS evaluates LDTs and provides standards for their performance.^[11](#fn11){ref-type="fn"}^ Under the law, CMS thus has jurisdiction over tests designed for the 'purpose of providing information for the diagnosis, prevention, or treatment of any disease or impairment of, or the assessment of the health of, human beings'.^[12](#fn12){ref-type="fn"}^

However, in the years since Congress passed CLIA, the scope and capability of LDTs have increased far beyond anything envisioned by the drafters. This applies to both genetic tests and non-genetic tests (eg, pertussis diagnosis, molecular biomarkers), but the rapid advances and growth of the genetic industry pose special challenges.^[13](#fn13){ref-type="fn"}^ In 2005, 454 Life Sciences, Illumina, and other companies revolutionized the industry in marketing NGS technologies that allowed sequencing of large amounts of DNA (and other genomic material) simultaneously.^[14](#fn14){ref-type="fn"}^ NGS includes testing for germline traits (inherited phenotypes that may be linked to disease, traits, or pharmaceutical response) and somatic mutations (mutations that happen *in vivo*---largely, the variants in tumors that cause cancer). NGS does in days or weeks what would have required years of work and millions of dollars at the time of CLIA. ^[15](#fn15){ref-type="fn"}^ These developments have sparked concerns about the current regulatory regime, which only lightly regulates advanced genetic tests that provide substantial medical information.

As FDA officials have pointed out, the agency does have legal justification for regulating LDTs.^[16](#fn16){ref-type="fn"}^ FDA has the right and the obligation to regulate if LDTs no longer '(A) employ methodologies that are so simple and accurate as to render the likelihood of erroneous results by the user negligible', or \[are at a level that\] '(B) the Secretary has determined to pose no unreasonable risk of harm to the patient if performed incorrectly (harm or risk based evaluation)', as added to CLIA in the Food and Drug Modernization Act of 1997.^[17](#fn17){ref-type="fn"}^ As an example, FDA challenged genetic testing company 23andMe\'s direct-to-consumer (DTC) LDT in November 2013 on the grounds of potential patient harm, arguing that there was enough potential psychological and medical harm from an inaccurate result to justify FDA oversight of 23andMe\'s test.^[18](#fn18){ref-type="fn"}^ Following FDA's warning letter, 23andMe was required to validate all genetic variants linked to an increase in medical risk, providing its analysis of each genetic marker for FDA confirmation before it was allowed to resume delivering data.^[19](#fn19){ref-type="fn"}^ CLIA thus authorizes FDA to act in cases where it finds a significant level of harm in CLIA-controlled tests or devices, potentially demanding premarket evaluation and approval of LDTs prior to sale.^[20](#fn20){ref-type="fn"}^

PROBLEMS WITH CURRENT OVERSIGHT {#sec3}
===============================

The question now is whether the particular type of regulation that FDA has decided to apply makes sense. On the substantive merits, FDA has been concerned over alleged abuses of the system under CMS. Two Government Accountability Office (GAO) reports illuminated issues that plagued genetic LDTs.^[21](#fn21){ref-type="fn"}^ Personalized DTC genetic testing companies misled their customers about the utility of the testing, advertised unproven pharmocogenomic medications, and even told one customer that she could send in her fiancée\'s genetic material without his knowledge or consent, as a 'surprise'.^[22](#fn22){ref-type="fn"}^ The current oversight regime has allowed companies great freedom to promote and sell 'medical tests' ---telling consumers, for instance, that they had a genetic mutation that dramatically increases their risk of ovarian cancer or Alzheimer\'s Disease.^[23](#fn23){ref-type="fn"}^ The 2010 report stated that one of GAO's biggest issues with the test providers was that 'donors often received risk predictions that varied across the four companies, indicating that identical DNA samples lead contradictory results'.^[24](#fn24){ref-type="fn"}^ Of course, while conflicting results may be the result of testing or precision error, they may also be legitimately varying interpretations of the data. The weights assigned to different genetic variants in causing disease are variable, and influenced by expert opinion.^[25](#fn25){ref-type="fn"}^ Moreover, even when such factors as varied penetrance (the proportion of people with the disease-causing mutation who exhibit symptoms of the disease), age-of-onset, and inheritability are consistent across evidence, it is not necessarily incorrect to give different causal weights to different variants based on the strength of the evidence collected.^[26](#fn26){ref-type="fn"}^ However, GAO and FDA have seen this inconsistency as a problem for genetic LDTs.

LDTs, which are designed, manufactured, and analysed in a single laboratory, are not subject to the same high standard of clinical validity as tests done in multiple laboratories, or ones outside of the company that sells the product. Instead, LDT providers are merely required to comply with good lab practices: basic standards of cleanliness, qualifications of lab technicians, accuracy, and precision of tests.^[27](#fn27){ref-type="fn"}^ CLIA does not include guidelines for whether LDTs correctly describe the impact of genetic variants, or rates of false positives that are acceptable. These issues---marketing claims, conflicting results, and unknown validity---help justify heightened regulatory intervention beyond CLIA's requirements.

It is a harder question whether LDTs pose a risk of harm. In issuing its draft guidance, FDA made a *de facto* finding of risk or harm in LDTs.^[28](#fn28){ref-type="fn"}^ The agency has also curated examples of improper marketing and result disclosure in the field to support this assertion.^[29](#fn29){ref-type="fn"}^ However, the finding is subject to debate. Various articles and studies have concluded that FDA and regulatory agencies are overestimating the harm done by consumer genetics.^[30](#fn30){ref-type="fn"}^ For example, the psychological effect of increased medical risk seems to have minimal impact unless the gene is nearly certain to cause a serious disease (and even then, evidence for psychosocial impact for mutations like Huntington\'s and BRCA1/2 is mixed), and it is even rarer for individuals to make significant medical or lifestyle changes on the basis of the information, making the risk to the individual in the case of a false positive or negative often negligible.^[31](#fn31){ref-type="fn"},[32](#fn32){ref-type="fn"},[33](#fn33){ref-type="fn"}^ Regardless of the ultimate conclusion, the FDA's proposal implicitly suggests that the current approach to LDTs is giving rise to potentially serious harm.^[34](#fn34){ref-type="fn"}^

INTELLECTUAL PROPERTY IMPLICATIONS OF FDA'S DISCLOSURE REQUIREMENTS {#sec4}
===================================================================

Subjecting LDTs to FDA regulation would have significant implications for the intellectual property claims and economic incentives of companies doing research in the sector. The FDA draft guidance on databases requires that '\[a\]t the time of recognition \[of the significance of a specific variant by the FDA\], the database administrator should make this information publicly available and accessible'.^[35](#fn35){ref-type="fn"}^ At the moment, the 'database' applies to publically available databases, not private companies. But FDA is clear in its intentions: the draft guidance is meant to 'encourage the deposition of variant information in such databases \[and\] reduce regulatory burden on test developers'---to incentivize NGS LDT companies to submit proprietary variant information to and to use public databases.^[36](#fn36){ref-type="fn"}^ This move would increase transparency in genetic data in allowing all companies and individuals to see the information behind variant classification. But disclosure would have economic implications as well.

Population genetic databases (sometimes called 'biobanks') are valuable commodities. For example, Genome Wide Association Studies (GWAS) take genetic, personal, and medical information about participants and look for genetic variants that occur more frequently in individuals with a given trait than in the general population, to see if these traits have genetic linkages. A larger population makes it easier to detect genetic variants that have associations with disease. In general, increases in sample size lead to greater predictive power in GWAS.^[37](#fn37){ref-type="fn"}^ While formal legal protections for intellectual property generally do not apply to these databases, they are often kept confidential, and other institutions frequently pay to access anonymized genetic information.^[38](#fn38){ref-type="fn"}^ These NGS LDTs both create, and rely upon, biobanks, which is why FDA released the draft guidances for NGS LDTs and genetic variant databases together.^[39](#fn39){ref-type="fn"}^

While assembling large databases is time consuming and expensive, having large numbers of genotypes and genomes lets genetic testing companies offer more definitive insights into genetic information. ^[40](#fn40){ref-type="fn"}^ A larger sample size thus provides benefits to consumers: more confidence in medical testing results, a wider variety of variants associated with a given disease, greater accuracy in ancestry determinations, etc. Besides this competitive advantage, proprietary biobanks can also lead to partnerships with pharmaceutical or treatment companies worth hundreds of millions of dollars.^[41](#fn41){ref-type="fn"}^ One prominent example is breast cancer and the research connected with BRCA variants. Myriad Genetics, which held a patent on testing for BRCA1/2 until 2012, has a massive advantage in the world of BRCA research and treatment due to its extensive library of genetic variants linked with BRCA.^[42](#fn42){ref-type="fn"}^ One drug trial showing that a test designed with Myriad\'s proprietary data was not necessary to determine the efficacy of a given pharmaceutical treatment sent the company\'s stock down dramatically.^[43](#fn43){ref-type="fn"}^ Many companies' business models rely upon these databases.^[44](#fn44){ref-type="fn"}^ By pushing for public analysis of genetic variants, FDA would lessen investment incentives and could cause companies to absorb the expense of gathering all this information.

ISSUES REGARDING THE STANDARD OF PROOF {#sec5}
======================================

Requiring databases to publicly disclose research conclusions could lead to more accurate variant determination across tests, but it would not answer the question of conflicting results between variant classifications or databases. It is unclear how to set a uniform standard for these evolving conclusions. Participants at a recent FDA forum regarding the draft guidances noted that there was 'little consensus within the life sciences community' around issues such as labeling variants as 'pathogenic' versus 'likely pathogenic' and how to best classify variants.^[45](#fn45){ref-type="fn"}^ Although FDA claims that the guidelines in the draft guidance for evaluating genetic variant databases are similar to the ones already used in the scientific community, regulation would effectively codify the standards for a given database and accompanying research conclusions. By rejecting databases with insufficient evidence, regulation could stifle smaller research groups and effectively undercut the private genetic research of large companies and institutions. Organizations that are slowly gathering individual sequences might not be able to prove their accuracy under FDA's standard of proof, reducing incentives to gather more sequences and provide valuable research, instead of using the evidence of other databases.

Conclusions in genetics are complicated. Complex diseases, comprised of interactions between multiple genetic variants and environmental risk factors, generate conflicting research on a given variant\'s penetrance and pathogenicity. As Heidi Rehm, co-chair of the National Institute of Health-funded Clinical Genome Resource (ClinGen) has said, 'there is no true truth for most variants. Most interpretations are expert opinions based on an evaluation of evidence'.^[46](#fn46){ref-type="fn"}^ Our knowledge and understanding of this type of inheritance changes daily: as new information comes in from expanding population databases, we gather more evidence regarding a given disease and how variants can cause or prevent that disease. FDA oversight could require companies to continuously submit updates on the interactions of countless genes and how they contribute to disease and risk, rather than allowing researchers and databases to make gradually evolving evaluations based on nuanced expertise. It would additionally be difficult to remove this requirement from the draft guidances: FDA would not be able to assert regulatory authority over LDTs while refraining from regulating from what it and GAO claim to be one of the most pressing problems in the industry: contradictory evaluation of the meaning of a given variant.^[47](#fn47){ref-type="fn"}^

Requiring proof for each individual trait or medical risk would also require a great deal of time and effort for regulatory agencies. FDA's system of premarket approval and device classification is not prepared to deal with the continuous evaluation and evolution of variant meanings, weights, and penetrance inherent to genetic LDTs.^[48](#fn48){ref-type="fn"}^ It would mean a near-constant re-evaluation and submission process, for tests that can examine more than 40,000 genes and regulatory areas and their significance to the human body.^[49](#fn49){ref-type="fn"}^ It is unclear how often companies and databases will have to submit these updates, or what degree of change (eg shifting from a 0.001 per cent risk to a 0.002 per cent risk for a single gene variant) would require resubmission of a test. The draft guidances offer a preview:

> 'Include a procedure to account for updates to internal and external databases and their potential impact on the clinical interpretation of variants'^[50](#fn50){ref-type="fn"}^
>
> '...Publicly accessible genetic variant databases could voluntarily apply to FDA for recognition, and how FDA would review such applications and periodically reevaluate recognized databases'^[51](#fn51){ref-type="fn"}^

But external and internal databases are constantly changing. It may not be feasible to require companies to document every update, especially in large databases that constantly receive submissions of variants and genetic data and often release updates to existing variants.^[52](#fn52){ref-type="fn"}^ FDA has no precedent for classifying something as 'likely pathogenic'---a common term in the genetic community where there is less-than-definitive evidence that a variant causes disease.^[53](#fn53){ref-type="fn"}^ Would companies therefore be banned from sharing information about strong but not absolute genetic linkages? Additionally, 'voluntary' application, as set out by the draft guidance for validity of public genetic variant databases, is likely not voluntary in effect.^[54](#fn54){ref-type="fn"}^ Databases not submitted for FDA approval would be functionally unusable for institutions and companies that want their LDTs to be exempt from FDA premarket review (a much cheaper and easier process for market access).^[55](#fn55){ref-type="fn"}^ An organization would thus be at a disadvantage in the market if they did not use one of the approved databases and research sets.

Finally, there are additional issues relating to clinical practice that no FDA draft guidance will be able to determine. For example, what disease-causing genetic variants should be disclosed in different types of tests (eg carrier screening for reproductive purposes or newborn screening)? It may be appropriate to permit parents to test their infants for serious and well-established early-onset diseases, while prohibiting them from testing for diseases in their infants with complex inheritance patterns until the children are old enough to make decisions for themselves. Guidelines issued by medical associations currently outline what is appropriate to disclose to different groups of patients. Which variants have clinical utility (usefulness in treating or preventing disease) varies by setting and judgement, and what is disclosed in a given situation is, again, a matter of ethical evaluation and expert opinion.^[56](#fn56){ref-type="fn"},[57](#fn57){ref-type="fn"}^ This is an issue beyond the scope of FDA regulation. Federal regulation will not be able to deal with important issues regarding genetic testing---which can only be evaluated by professional medical associations, with more expertise and more ability to adapt guidelines to evolving medical consensus.

THE ROLE FOR INDUSTRY STANDARDS {#sec6}
===============================

To summarize, FDA regulation of NGS embodied in LDTs is problematic for a number of reasons: (1) evidence of significant harm from LDTs---a legal prerequisite for FDA regulation because of CLIA's clear assignment of LDT oversight to CMS---is ambiguous at best; (2) FDA's overbroad disclosure requirements could undercut economic incentives, slowing new population-intensive research into genetic correlations; (3) The federal regulatory process is inherently slow moving in a rapidly evolving industry; (4) there is often no clear scientific consensus to embody in a regulation; and (5) no FDA regulation will be able to address important issues in NGS LDTs.

A better answer would be a more flexible set of guidelines, designed by the ACMG. Given the limited evidence of harm, and the fast-moving nature of the research, it seems appropriate for now to encourage industry-wide self-regulation: quality guidelines that determine whether the scientific bases of trait reports are sufficiently robust for the results to be delivered to consumers or medical professionals. These standards should be determined by the scientific community as recommendations, rather than mandates, for LDT companies. ACMG is in an excellent position to organize and administer these standards. It has expertise and experience in determining professional standards around NGS.^[58](#fn58){ref-type="fn"}^ It is able to update its recommendations based on medical developments and community input, without waiting for bureaucratic or congressional approval. And by advocating for standards of practice, ACMG would not need to require sweeping disclosure of research results, reducing incentives for the next generation of researchers.

CMS could play a complementary role in this process. Despite being specifically named as the regulatory authority with jurisdiction over LDTs, CMS has traditionally shied away from being the arbiter of genetic test approval.^[59](#fn59){ref-type="fn"}^ It has have stated that it does not have the capability to evaluate clinical validity of LDTs, given the wide range of LDT production and use. But CMS does continue to provide CLIA certification, which includes critical testing analysis. It may be that CMS, given sufficient financial support, could take on some of the responsibilities of evaluating NGS LDTs. CMS is well suited to evaluate basic accuracy and precision, as described in FDA's draft guidance: '*define and document a minimum set of metrics (eg accuracy) that should be evaluated for an adequately analytically validated test'* (emphasis theirs).^[60](#fn60){ref-type="fn"}^ CMS could evaluate the laboratories, aligning with the work its inspectors are already doing for CLIA oversight.^[61](#fn61){ref-type="fn"}^ This would be a departure from the FDA draft guidance, because it would not evaluate the variants' link to disease, but rather the sensitivity and specificity of the test, namely, confirming that the test is not providing false positives or negatives regarding basic data to prevent incorrect results.

Additionally, moving toward an industry standard for genetic variant databases would help with conflicting results, reducing the need to publicize genetic data or proprietary conclusions. ACMG has created guidelines for tests for Huntington\'s disease and inherited colorectal cancer, and has provided standards for evaluation of NGS technologies.^[62](#fn62){ref-type="fn"}^ Expanding these guidelines, creating a general standard of proof for variant significance and pathogenicity, would be a natural next step. Allowing ACMG to determine these scientific standards and validity would protect companies' biobank investments and offer a degree of consistency amongst genetic LDTs (indicating factors such as population sizes and penetrance rates that would signify clinically significant variants) without requiring public disclosure or removing the flexibility of expert evaluation. Much as ClinVar\'s website contains star ratings to indicate the scientific basis on which each trait is proven (fewer stars indicating a weaker link, conflicting reports, or traits still under research consideration), a 'four-star' rating under ACMG guidelines could indicate that given current knowledge, the validity of a given trait is firm.^[63](#fn63){ref-type="fn"}^ While this could also occur under FDA guidance, it would require frequent submissions and reevaluation with new evidence or variant reclassification to be used in NGS LDTs.

With complex diseases, or diseases where having the mutation does not necessarily mean the disease will occur, there must be discretion among experts, especially as research progresses at a rapid rate. Although the draft guidance states 'standards for use of evidence appear to parallel the types of evidence appropriate to support an FDA premarket submission', continued research on and evaluation of genetic variants make changes to NGS LDTs very different from a one-time premarket submission.^[64](#fn64){ref-type="fn"}^ Additionally, decisions to report in LDTs remain variable. Given that variants thought to be harmful for years are now being found to be non-pathogenic, and that is appropriate for institutions to choose databases with conflicting variant interpretations, the knowledge base at this point is not exacting or beyond debate.^[65](#fn65){ref-type="fn"}^ Given our knowledge of variant significance evolution, these databases cannot be held up as thresholds, or seen as firm proof of linkages. ^[66](#fn66){ref-type="fn"}^ ACMG guidelines and continued recommendations would offer a flexibility and opportunity for continued evaluation that the FDA draft guidances could not. With less stringent recommendations from ACMG, there would be evolving standards without premarket submission and continued evaluation, and, as previously mentioned, these guidelines can differentiate between the appropriateness of disclosure for different groups. Additionally, it is not prepared for the system of premarket evaluation and continued submission it proposes.

FDA has stated that it wants its guidances, and its evaluation of clinical validity, to be based on the scientific literature regarding NGS LDTs.^[67](#fn67){ref-type="fn"}^ But the scientific literature is both evolving and conflicting, and FDA has no track record of being able to effectively and continuously evaluate tests of this nature. The right initial step to oversight would be to rely on the experts in industry and to call on the CMS to provide basic test evaluation. As scientific consensus grows, and FDA has the ability to prepare for continued evaluation and oversight of NGS devices, it may be appropriate to shift regulatory oversight to FDA. But at this juncture, a premature wholesale shift to a regulatory model and entity best suited to make static black-and-white decisions would risk undercutting the tremendous progress being made in the field.
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